Spherical constant-concentration [Ni 0.6 Co 0.2 Mn 0.2 ](OH) 2 and FCG [Ni 0.75 Co 0.10 Mn 0.15 ](OH) 2 precursors were synthesized via a co-precipitation method using a batch-type reactor (17 L).
dissolving 1 M LiPF 6 in a solution of EMC:FEC = 3:1 (v/v) (EF-31). To improve the stability of the SEI film, we selected LiDFOB as an electrolyte additive, and 0.05 mol LiDFOB was dissolved in the EF-31 electrolyte. To prepare the Li 2 O-rich SEI on the Li-metal anode, the lithium metal foil was immersed in 3 M LiNO 3 in DEGDME electrolyte for 5 h. Note that LiNO 3 is insoluble in the carbonate-based electrolyte solution, and simultaneously, the DEGDME has an upper cutoff potential limit of 3.7 V (vs. Li/Li + ); therefore, we carried out the LiNO 3 treatment via an ex situ route. The treated lithium samples were washed with DME and further dried in an argonfilled glove-box.
Material characterization
The morphologies of the Li-deposited Li metal foil and the Li metal cycled in Li/Li symmetric cells were observed using a scanning electron microscope (SEM, FEI Nova NanoSEM 450) and atomic force microscope (AFM, XE-100). The compression rupture strength of single particles was evaluated via microcompression testing (MCT, MCT-W 500). The fourier-transform infrared (FTIR) spectra of the Li electrodes were recorded on a Nicolet IS50 ATR in a glove box under a H 2 O and O 2 -free atmosphere. The chemical composition of the SEI layer formed on Li metal was analyzed via x-ray photoelectron spectroscopy (XPS, PHI 5000 Versaprobe). The C1s peak (284.8 eV) was used as the reference to calibrate other binding energy values. The Li metal samples were washed with EMC to remove lithium residues and then dried under vacuum before characterization. To avoid side reactions or electrode contamination with oxygen and moisture, samples were transported from the glove box to the SEM, AFM and XPS instruments in a hermetically sealed container filled with Ar gas.
Electrochemical test
The Li/Li symmetric cell tests were conducted using VMP3 Biologic instruments set for galvanostatic cycling with a current density of 1.8 and 3.6 mA cm -2 . The stripping and plating times were 1 h and 0.5 h, respectively. The amount of the electrolyte solution used was 75 μL per symmetric cell. The average Coulombic efficiency was determined using Li/Cu cells. In a Li/Cu cell, 3 prior to the deposition of the Li reservoir, the Cu substrate is preconditioned with a single Li deposition/stripping cycle at 4 mAh cm -2 . Then, 4 mAh cm -2 Li plating was carried out on the Cu substrate as the total Li source. The cycling was performed at 0.4 mA cm -2 (QC = 0.32 mAh cm -2 ) for 50 cycles. The final stripping was performed at 0.4 mA cm -2 to 1 V. To measure the Li+ transference number (t + ), a Li/Li symmetric cell was subjected to a DC voltage ( V, 10 mV) and the curves of the responsive current were recorded. The LMBs were prepared ∆ using the NCM622 or Al2-FCG75 cathode, a foil of Li metal (200 μm) anode, a separator (Celgard 2400), and the prepared electrolytes (75 μl in each battery). The cathode was prepared by mixing NCM622 or Al2-FCG75 as the active material, carbon black (Super P and KS6), and polyvinylidene difluoride (PVdF) binder (90:5.5:4.5) and casting onto an Al foil current collector. The active material loading of the prepared cathodes was ~10.0 mg cm -2 and ~20.0 mg cm -2 . The cycling performance was evaluated at current densities of 1.8 and 3.6 mA cm -2 . Prior to long-term cycling, three-step formation cycles were conducted at 0.1 (0.18 mA cm -2 ), 0.2 (0.36 mA cm -2 ) and 0.5 (0.9 mA cm -2 ) C-rates. Electrochemical tests of Li/ Al2-FCG75 cells (capacity loading of 2.0 mAh cm -2 ) were also performed with pouch-type cells (3 cm × 5 cm). The cycling performance was tested under two different protocols: 1) at a constant current density of 1.8 mA cm -2 and 2) at a current density of 0.9 mA cm -2 (charging) / 3.6 mA cm -2 (discharging). All electrochemical performances were tested between 2.7 and 4.3 V versus Li/Li + at 30 °C. Electrochemical impedance spectroscopy (EIS) was performed using a multi-channel potentiostat over the frequency range of 1 MHz to 1 Hz. a b 50 μm 50 μm Supplementary Fig. 1 . Characterization of as-prepared Al2-FCG75 and NCM622 cathodes.
Scanning electron microscopy image of (a) Al2-FCG75 and (b) NCM622 cathodes synthesized by a co-precipitation route. Supplementary Fig. 2 . Investigation of chemical composition for Al2-FCG75 particle. Energydispersive X-ray spectroscopic mapping of a cross section of Al2-FCG 75 particle. (1)
where, the number of cycles n is 50. Supplementary Fig. 8 
